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(57) An object of tlie present invention is to provide 
a charge amplifier which can be operated at low cost so 
that electric charge generated in a piezoelectric pres- 
sure sensor having one end grounded is converted into 
a voltage signal. 

In the charge amplifier (1 ) according to an embod- 
iment of the present invention, aplus side power source 
input tenninal of an operational amplifier (5) is connect- 
ed to a plus power source (+5 V) while a minus side 
power source input terminal of the operational amplifier 



(5) is grounded, so that the operational annplifier (5) is 
supplied with a single power source. Further, an offset 
voltage lower than the plus power source voltage but 
higher than the ground potential is applied to a non-in- 
verted Input terminal of the operational amplifier (5). Ac- 
cordingly, change of pressure In both positive and neg- 
ative directions can be converted into a voltage signal 
with the offset voltage as its center though the opera- 
tional amplifier (5) is driven by a single power source. 
That is, cost can be suppressed because a double pow- 
er source is not required. 
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Description 

<TechnicaI Fleld> 

[0001] The present invention relates to a charge am- 
plifier by which electric charge generated in a piezoe- 
lectric pressure sensor having one grounded end is con- 
verted Into a voltage signal. 

<Background Art> 

[0002] A charge amplifier by which electric charge 
generated in a piezoelectric pressure sensor grounded 
to a mount target is converted into a voltage signal has 
been heretofore fomned by use of an operational ampli- 
fier. Combustion pressure of an internal combustion en- 
gine, however, varies to both a positive value and a neg- 
ative value. Therefore, there is employed a method in 
which the operational amplifier is operated by a double 
power source (having a pair of positive and negative 
power sources, for example, of ±5 V) to convert electric 
charge into a voltage signal. 

[0003] For example, a charge amplifier shown in Fig. 
17 is one of this type charge amplifiers. In the charge 
amplifier 501 , an Inverted input terminal of an operation- 
al amplifier 505 is connected, through a resistor 503. to 
the other end of a piezoelectric pressure sensor S hav- 
ing one end grounded to a mount target. The inverted 
input terminal is connectedto an output terminal through 
a feedback capacitor 507. A feedback resistor 509 is fur- 
ther connected in parallel to the feedback capacitor 507. 
On the other hand, a non-inverted input temilnal is 
grounded. A power source of +5 V is connected to a 
positive power source input tenninal of the operational 
amplifier 505 whereas a power source of -5V is connect- 
ed to a negative power source input temninal of the op- 
erational amplifier 505. The operational amplifier 505 is 
driven by the two power sources. 
[0004] It is however general that electric power is sup- 
plied from a battery of a plus power source when com- 
bustion pressure of an internal combustion engine of an 
automobile needs to be measured. To use the opera- 
tional amplifier by the two power sources in such a case, 
it is necessary to forni a circuit of a minus power source 
from a DC-DC converter, etc. This causes increase in 
cost. 

<Disclosure of the lnvention> 



[0005] The present invention is developed with the 
above description as the background and an object of 
the present Invention is to provide a charge amplifier 
which can be operated at low cost so that electric charge 
generated In a piezoelectric pressure sensor having one 
end grounded is converted into a voltage signal. 
[0006] In order to achieve the foregoing object, the 
charge amplifier according to a first configuration of the 
present invention is a charge amplifier for converting 



electric charge generated in a piezoelectric pressure 
sensor into a voltage signal, Including: an operational 
amplifier having an inverted input tenninal connected to 
the other end of the piezoelectric pressure sensor hav- 
5 ing one end grounded; and afeedback capacitorforcon- 
nectingthe inverted input temninal of the operational am- 
plifier to an output tenninal of the operational amplifier; 
wherein: the operational amplifier is driven by a single 
power source; and an offset voltage is applied to a non- 
10 inverted input terminal of the operational amplifier. 
[0007] That is, in the charge amplifier according to the 
first configuration of the present Invention, the opera- 
tional amplifier has a plus side power source input ter- 
minal connected to a plus power source and a minus 
15 side power source input tenninal grounded, so that the 
operational amplifier is supplied with a single power 
source. Further, an offset voltage lower than the plus 
power source voltage but higher than the ground poten- 
tial is applied to the non-Inverted input terminal of the 
20 operational amplifier. Accordingly, even in the case- 
where only the single power source is supplied to the 
operational amplifier, the change of pressure in both 
positive and negative directions can be converted into 
a voltage signal with the offset voltage as its center. Ac- 
25 cording to the charge amplifier configured th us, cost can 
be suppressed because a double power source is not 
required. 

[0008] When here is the piezoelectric pressure sen- 
sor placed In such a bad environment that the piezoe- 
30 lectric pressure sensor is attached, for example, to an 
internal combustion engine of an automobile and used 
for detecting in-cylinder pressure, insulation resistance 
of the piezoelectric pressure sensor, that is, resistance 
between opposite ends of the piezoelectric pressure 
35 sensor may be reduced. In such a case, the output sig- 
nal of the charge amplifier may cling to the power source 
voltage because of the influence of a leakage current 
generated by reduction in insulation resistance, so that 
the charge amplifier may malfunction. 
40 [0009] Therefore, according to a second configuration 
of the present invention, a coupling capacitor may be 
preferably provided between the Inverted input terminal 
of the operational amplifier and the other terminal (the 
terminal opposite to the grounded terminal) of the pie- 
45 zoelectric pressure sensor. In this configuration, even in 
the case where insulation resistance of the piezoelectric 
pressure sensor is reduced, the output signal of the 
charge amplifier can be restrained from clinging to the 
power source voltage because of the influence of the 
50 leakage current. 

[0010] In this case, a higher effect is exhibited on sup- 
pression of the leakage current as capacitance of the 
coupling capacitor increases. Therefore, according to a 
third configuration of the present invention, a capacitor 
55 having capacitance of not lower than capacitance of the 
piezoelectric pressure sensor may be preferably used 
as the coupling capacitor. A response lag, however, oc- 
curs in the charge amplifier when the capacitance is 
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made high. It is therefore preferable that the capaci- 
tance of the coupling capacitor Is not higher than 10 jiF 
on the assumption that the response time is from 1 sec- 
ond to 2 seconds in practical use. 
[0011] Incidentally, when the ground potential on the 
piezoelectric pressure sensor side is displaced from the 
ground potential on the charge amplifier side, error oc- 
curs in the output signal of the charge amplifier. There- 
fore, according to a fourth configuration of the present 
invention, a lead wire may be preferably provided for 
electrically connecting the grounded end of the piezoe- 
lectric pressure sensor to a ground terminal of the 
charge amplifier in order to make the ground potential 
on the piezoelectric pressure sensor side coincident 
with the ground potential on the charge amplifier side. 
[0012] In this configuration, the potential difference 
between the ground potential on the piezoelectric pres- 
sure sensor side and the ground potential on the charge 
amplifier side can be suppressed to improve the accu- 
racy of the output signal of the charge amplifier. 
[001 3] According to a fifth configuration of the present 
invention, an amplifier (of a so-called FET input type) 
using an FET as an input portion may be preferably used 
as the operational amplifier. In this configuration, input 
impedance of the operational amplifier becomes so high 
that electric charge generated in the piezoelectric pres- 
sure sensor can be surely converted into a voltage sig- 
nal. 

[001 4] Incidentally, when the charge amplifier accord- 
ing to (any one of the first to fifth configurations of) the 
present invention is applied to a piezoelectric pressure 
sensor for detecting in-cylinder pressure of an internal 
combustion engine on the basis of change of clamping 
load of a spark plug detected by a piezoelectric element 
provided on a mount seat of the spark plug, a high effect 
is exhibited. That is, in an automobile, because electric 
power supply is generally perfonned from a battery of a 
plus power source, the charge amplifier according to the 
first configuration of the present invention is fit to use. 
Further, because such a piezoelectric pressure sensor 
is placed in such a bad environment that insulation re- 
sistance of the piezoelectric pressure sensor is apt to 
be reduced, the charge amplifier according to the sec- 
ond configuration of the present invention is fit to use. 

<Brlef Description of the Drawings> 

[0015] 

Fig. 1 is an electric circuit diagram showing a charge 
amplifier according to a first embodiment; 
Fig. 2 is an explanatory diagram showing the fomi 
of use of a piezoelectric pressure sensor; 
Fig. 3 is an explanatory diagram showing a spark 
plug having a built-in piezoelectric pressure sensor; 
Fig. 4 is an electric circuit diagram showing the 
charge amplifier according to a second embodi- 
ment; 



Fig. 5 is an explanatory graph showing the output 
wavefonn of a conventional charge amplifier ac- 
cording to insulation resistance of the piezoelectric 
pressure sensor; 
5 Fig. 6 is an explanatory graph showing the output 
wavefonn of the charge amplifier according to the 
first embodiment; 

Fig. 7 is an explanatory graph showing the output 
wavefonn of the charge amplifier according to the 

10 second embodiment in the case where capacitance 
of the coupling capacitor is selected to be 1 ^F; 
Fig. 8 Is an explanatory graph showing the output 
wavefonn of the charge amplifier according to the 
second embodiment in the case where capacitance 

15 of the coupling capacitor is selected to be 1 00 ^F; 
Fig. 9 is a graph showing the relation between the 
amplitude of the output wavefonn of the charge am- 
plifier and the Insulation resistance of the piezoe- 
lectric pressure sensor; 

20 Fig. 10 is a graph showing Impedance-frequency 
characteristic of each ceramic capacitor; 
Fig. 11 is a graph showing impedance-frequency 
characteristic of an electrolytic capacitor; 
Fig. 12 is an explanatory graph showing the com- 

25 bustlon wavefonn of an internal combustion engine 
obtained through the conventional charge amplifier; 
Fig. 13 is an explanatory graph showing the com- 
bustion wavefonn of an internal combustion engine 
obtained through the charge amplifier according to 

30 the first embodiment; 

Fig. 14 is an explanatory graph showing the com- 
bustion waveform of an internal combustion engine 
obtained through the charge amplifier according to 
the second embodiment; 

55 Fig. 1 6 is a graph showing the relation between a 
peak value of the combustion wavefonn and the in- 
sulation resistance of the piezoelectric pressure 
sensor; 

Fig. 1 6 is an explanatory diagram showing the pie- 
40 zoelectric pressure sensor as a modified example; 
and 

Fig. 17 is an electric circuit diagram showing the 
configuration of the conventional charge amplifier. 

45 [0016] Incidentally, in the drawings, the reference nu- 
meral (symbol) 1 or 101 designates a charge amplifier; 
5, an operational amplifier; 7, a feedback capacitor; 21 , 
an internal combustion engine; 23, a spark plug; 23a, a 
metal shell; 23b, an output cable; 25, a combustion 

so chamber; 1 03, a coupling capacitor; and S or S', a pie- 
zoelectric pressure sensor. 

<Best Mode for Carrying Out the lnvention> 

55 [0017] Embodiments of the present invention will be 
described below with reference to the drawings. 
[0018] Fig. 1 shows a charge amplifier 1 as a first em- 
bodiment for converting combustion pressure in an in- 
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ternal combustion engine into an electric signal. Inciden- 
tally, the charge amplifier 1 is fomned In the inside of an 
engine control unit (ECU) 27 which will be described lat- 
er 

[0019] As shown In Fig. 1 , one end of a piezoelectric 
pressure sensor S is grounded. An inverted input termi- 
nal of an operational amplifier 5 is connected to the other 
end of the piezoelectric pressure sensor S through an 
input temninal in of the charge amplifier 1 and a resistor 
3. An FET is used as an Input portion of the operational 
amplifiers. 

[0020] An output terminal of the operational amplifier 
5 is connected to the inverted input temninal of the op- 
erational amplifier 5 through a feedback capacitor 7. A 
feedback resistor 9 is connected in parallel to the feed- 
back capacitor 7. The feedback resistor 9 is provided for 
suppressing thelemperature drift of a piezoelectric ele- 
ment. 

[0021 ] A non-inverted Input lenninal of the operational 
amplifier 5 is connected to a power source of +5 V 
through a resistor 11 and grounded through a resistor 
13. That is, the power source voltage is divided by the 
series-connected resistors 11 and 13, so that a tap volt- 
age is applied as an offset voltage to the non-inverted 
Input temninal. The output temninal of the operational 
amplifier 5 is further connected to an output temninal out 
of the charge amplifier 1 . 

[0022] In the charge amplifier 1 , the operational am- 
plifier 5 Is used so as to be operated by a single power 
source. The power source of +5V is connected to a plus 
power source input terminal of the operational amplifier 
5 with respect to which a minus power source input ter- 
minal is grounded. 

[0023] As shown in Figs. 2 and 3. the piezoelectric 
pressure sensor S is provided on a mount seat of a spark 
plug 23 of an Internal combustion engine 21 and detects 
. change of clamping load of the spari< plug 23 In the In- 
ternal combustion engine 21 to thereby detect internal 
pressure of a combustion chamber 25 (i.e., in-cylinder 
pressure) of the internal combustion engine 21 . 
[0024] As shown in Fig. 3, the spark plug 23 has a 
metal shell 23a which has a thread portion fonned for 
attaching the spark plug 23 to a body of the intemal com- 
bustion engine 21 . The metal shell 23a is a mount seat 
of the spart^ plug 23. The spark plug 23 is fastened to 
the body of the intemal combustion engine 21 through 
the metal shell 23a. 

[0025] The piezoelectric pressure sensor S, which is 
built in the inside of the metal shell 233^ outputs electric 
charge corresponding to clamping load of the spark plug 
23 which varies according to change of the in-cylinder 
pressure, that Is, electric charge generated in accord- 
ance with the in-cylinder pressure, through an output ca- 
ble 23b. That is, in this embodiment, the piezoelectric 
pressure sensor S is a so-called plug-integrated pres- 
sure sensor (PGPS) which is integrally provided on the 
spark plug 23. Incidentally the piezoelectric element 
fomning the piezoelectric pressure sensor S is made of 



PbTiOg. 

[0026] The piezoelectric pressure sensor S has one 

end grounded to the body of the internal combustion en- 
gine 21 through the metal shell 23a, and the other end 

5 connected to the input temninal in of the charge amplifier 
1 in the engine control unit (ECU) 27 through the output 
cable 23b. Incidentally, the output cable 23b includes a 
lead wire for outputting generated electric charge, and 
a lead wire for connecting an electrode grounded to the 

10 body of the internal combustion engine 21 and the 
ground of the ECU 27 (e.g., a housing of the ECU 27) 
to each other. 

[0027] In this manner, in the charge amplifier 1 ac- 
cording to this embodiment, the plus side power source 

15 input temninal of the operational amplifiers is connected 
to the plus power source (+5 V) while the minus side 
power source input temninal of the operational amplifier 
5 Is grounded, so that the operational amplifier 5 is sup- 
plied with a single power source. Further, an offset volt- 

20 age lower than the plus power source voltage but higher 
than the ground potential is applied to the non-inverted 
input temninal of the operational amplifier 6. Accordingly, 
change of pressure in both positive and negative direc- 
tions can be converted Into a voltage signal with the off- 

25 set voltage as its center though the operational amplifier 
5 is driven by a single power source. That is. according 
to the charge amplifier 1 configured thus, cost can be 
suppressed because a double power source Is not re- 
quired. 

30 [0028] Furthemnore, because the grounded end of the 
piezoelectric pressure sensor S is connected to the 
ground on the charge amplifier side through the lead 
wire fomning the output cable 23b, the potential differ- 
ence between the ground potential on the piezoelectric 

35 pressure sensor side and the ground potential on the 
charge amplifier side Is suppressed to improve the ac- 
curacy of the output signal of the charge amplifier 1 . 
[0029] Furthemnore, because an FET input type am- 
plifier is used as the operational amplifier 5, electric 

40 charge generated in the piezoelectric pressure sensor 
S can be surely converted Into a voltage signal. 
[0030] Next, a second embodiment of the present in- 
vention will be described. 

[0031] Fig. 4 shows a charge amplifier 1 01 as a sec- 
45 end embodiment. The charge amplifier 101 Is config- 
ured so that a coupling capacitor 103 is provided be- 
tween the inverted input terminal of the operational am- 
plifier 5 and the piezoelectric pressure sensor S in ad- 
dition to the charge amplifier 1 according to the first em- 
50 bodiment. That Is, the coupling capacitor 1 03 is provided 
so as to be series-connected to the resistor 3 which is 
provided between the inverted input temninal of the op- 
erational amplifier 5 and the piezoelectric pressure sen- 
sor S. Incidentally, because this embodiment is the 
55 same as the charge amplifier 1 according to the first em- 
bodiment except the aforementioned point, description 
will be omitted. 

[0032] Incidentally when the piezoelectric pressure 
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sensor S is placed in such a bad environment that the 
piezoelectric pressure sensor S is attached to the inter- 
nal combustion engine 21 of the automobile and used 
for detecting the in-cylinder pressure thereof as In this 
embodiment, Insulation resistance of the piezoelectric 
pressure sensor S, that is, resistance between opposite 
electrodes of the piezoelectric pressure sensor S may 
be reduced temporarily. In such a case, a leakage cur- 
rent is generated toward the piezoelectric pressure sen- 
sor S side through the resistor 3 and the input terminal 
in. Because a relation called virtual short circuit is es- 
tablished between the inverted input temiinal and the 
non-inverted Input tenninal, the output signal of the 
charge amplifier is raised by the Influence of the leakage 
current and may cling to the power source voltage finally 
to make the charge amplifier malfunction. 
[0033] Therefore, In the charge amplifier 1 01 accord- 
ing to this embodiment, the coupling capacitor 103 is. 
provided between the Inverted Input terminal of the op- 
erational amplifier 5 and the piezoelectric pressure sen- 
sor S. Accordingly, even in the case where insulation 
resistance of the piezoelectric pressure sensor S (i.e., 
Insulation resistance between the opposite electrode 
terminals) Is reduced, the leakage current can be sup- 
pressed so that the output signal of the charge amplifier 
1 01 can be restrained from increasing because of the 
influence of the leakage current. 
[0034] Incidentally, it is preferable that capacitance of 
the coupling capacitor 1 03 is not lower than capacitance 
of the piezoelectric pressure sensor S. This is effective 
In suppressing the leakage current. In the charge am- 
plifier 1 01 according to the second embodiment, the op- 
erational amplifier 5 operates so that the potential at the 
Inverted input tenninal becomes equal to thepotential at 
the non-inverted input terminal when the power source 
Is switched on. When the coupling capacitor 1 03 is pro- 
vided, it is however necessary to charge the coupling 
capacitor 1 03 through the resistor R9. Accordingly, it ca- 
pacitance of the coupling capacitor is made high, a re- 
sponse lag occurs In the charge amplifier. It is therefore 
preferable that capacitance of the coupling capacitor 
1 03 is not higher than 1 0 [if on the assumption that the 
response time is from 1 second to 2 seconds in practical 
use. 

[0035] A result of an experiment perfomned for con- 
fimning the effect of the charge amplifier 101 according 
to this embodiment will be described below. 
[0036] Fig. 5 Is a graph showing a result of examina- 
tion of a signal output from the output tenninal out of the 
conventional charge amplifier 501 with respect to each 
resistance value of the piezoelectric pressure sensor S 
In the case where an Input signal constant In both fre- 
quency and amplitude is input into the input terminal in 
ofthe conventional charge amplifier 501 while insulation 
resistance of the piezoelectric pressure sensor S Is 
changed stepwise from 1 GQ to 1 00 fi. Fig. 6 is a graph 
showing a result of the experiment perfomned likewise 
on the charge amplifier 1 according to the first embodi- 



ment. Figs. 7 and 8 are graphs showing results of the 
experiment performed likewise on the charge amplifier 
101 according to the second embodiment in the case 
where capacitance of the coupling capacitor 1 03 is set 

5 at 1 M.F (Fig. 7) and 100 ^iF (Fig. 8) respectively 

[0037] Incidentally, Fig. 9 Is a graph showing the re- 
lation between the insulation resistance of the piezoe- 
lectric pressure sensor S and the output width (i.e., the 
amplitude of an output signal) of the charge amplifier in 

10 each of cases of the charge amplifier 501 according to 
the "prior art", the charge amplifier 1 according to the 
"first embodiment", and the charge amplifier 101 with 
the coupling capacitor 103 having capacitance of 1 ^F 
according to the "second embodiment". 

15 [0038] As shown in Fig. 5, in the case of the charge 
amplifier 501 according to the prior art, It is found that 
the output signal Is little influenced even in the case 
where the insulation resistance Is reduced to about 10 
kQ. 

20 [0039] Next, as shown In Fig. 6, in the case of the 
^ charge amplifier 1 according to the first embodiment, in- 
crease in the output signal is confirmed (but there is little 
influence on the amplitude of the output signal as also 
shown In Fig. 9) when the Insulation resistance of the 

^5 piezoelectric pressure sensor S reaches 10 MQ. and it 
Is found that the output signal almost clings to the power 
source voltage In a region of not higher than 1 MQ. 
[0040] Further, as shown in Fig. 7, in the case of the 
charge amplifier 101 with the coupling capacitor 103 

30 having capacitance of 1 \if according to the second em- 
bodiment, there is no lift of the output signal in spite of 
a single power source. It is obvious that there is little 
problem in the output result even in the case where the 
insulation resistance is reduced to about 1 Mn. Further- 

35 more, even In the case where the insulation resistance 
is reduced to 100 kil, there is little serious problem 
though the magnitude of the amplitude of the output sig- 
nal is slightly small. In addition, it Is confirmed that the 
amplitude is reduced when the insulation resistance Is 

40 in a range of not higher than this value. 

[0041] Further, as shown in Fig. 8, In the case of the 
charge amplifier 101 with the coupling capacitor 103 of 
100 ^F according to the second embodiment, basically 
the same result as In Fig. 7 is obtained but It is found 

45 that the region in which reduction in amplitude occurs 
shifts to the low resistance side. Specifically, even re- 
duction In Insulation resistance to 10 kI2 has tittle influ- 
ence on the amplitude of the output signal. 
[0042] Accordingly, it is found that the influence of re- 

so ductlon in insulation resistance on the output signal can 
be suppressed as capacitance of the coupling capacitor 
103 provided between the Inverted Input terminal of the 
operational amplifier 5 and the piezoelectric pressure 
sensor S increases. For the aforementioned reason 

55 about the response time, 1 0 nF or lower Is however re- 
garded as suitable. 

[0043] Incidentally, a ceramic capacitor is used as the 
coupling capacitor 1 03. Alternatively, an electrolytic ca- 



5 



9 



EP 1 338 879 A1 



10 



pacitor may be used as the coupling capacitor 103. Fig. 
10 is a graph showing an example of impedance-fre- 
quency characteristic of the ceramic capacitor. Fig, 11 
is a graph showing an example of impedance-frequency 
characteristic of the electrolytic capacitor. 
[0044] Next, Figs. 12 to 14 are graphs showing com- 
bustion wavefomns obtained by measurement of the in- 
cylinder pressure of the internal combustion engine 21 . 
The measurement of the in-cylinder pressure is per- 
formed with respect to each resistance value in the case 
where the resistance value between the opposite elec- 
trodes (I.e., insulation resistance) of the piezoelectric 
pressure sensor S is changed stepwise from 1 0 Gfi to 
100 S2. Of these drawings, Fig. 12 partially extractively 
shows results of measurement in use of the charge am- 
plifier 501 according to the prior art; Fig. 13 partially ex- 
tractively shows* results of measurement in use of the 
charge amplifier 1 according to the first embodiment; 
and Fig. 14 partially extractively shows results of meas- 
urement in use of the charge amplif ier 1 01 according to 
the second embodiment in the case where a 1 ^F ce- 
ramic capacitor Is used as the coupling capacitor 103. 
In Figs. 12 to 14, each of the vertical axes expresses 
the output signal of the charge amplifier in temis of out- 
put electric charge generated in the piezoelectric pres- 
sure sensor S. One degree in the vertical axis is equiv- 
alent to 1 000 pC. Further. Fig. 1 5 shows peak values of 
the combustion wavefomns depicted in Figs. 12 to 14. 
[0045] As shown in Figs. 12 and 15, in the case of the 
charge amplifier 501 according to the prior art, the out- 
put result was almost unchanged and good when insu- 
lation resistance of the piezoelectric pressure sensor S 
was reduced to a value of not lower than about 10 k£2, 
but the output signal clung to the minus power source 
voltage (-5 V) to make the measurement impossible 
when the insulation resistance was reduced to 1 kn. 
[0046] Further, as shown in Figs. 13 and 15, in the 
case of the charge amplifier 1 according to the first enrv 
bodlment, the output result was almost unchanged and 
good when insulation resistance of the piezoelectric 
pressure sensor S was reduced to a value of not lower 
than about 1 0 MQ, but the output signal clung to the plus 
power source voltage (+5 V) to make the measurement 
impossible when the insulation resistance was reduced 
to 1 Ma. 

[0047] On the other hand, as shown in Figs. 14 and 
15, in the case of the charge amplifier 101 with the cou- 
pling capacitor 1 03 of 1 \lF according to the second em- 
bodiment, the output result was almost unchanged with- 
out any problem when insulation resistance of the pie- 
zoelectric pressure sensor S was reduced to a value of 
not lower than about 1 00 k£2. 

[0048] As described above, the charge amplifier 1 01 
according to the second embodiment can be operated 
by a single power source. Furthermore, because the 
charge amplifier 1 01 has the coupling capacitor 1 03 pro- 
vided between the inverted input temninal of the opera- 
tional amplifier 5 and the piezoelectric pressure sensor 



S, the combustion wavefonn can be measured as well 
as in the conventional charge amplifier 501 even in the 
case where insulation resistance of the piezoelectric 
pressure sensor S (Insulation resistance between the 
5 opposite electrode tenminals thereof) is reduced. 

<lndustrial Applicability> 

[0049] Although an embodiment of the present inven- 
10 tion has been described above, the present Invention Is 
not limited to the aforementioned embodiments but can 
include various embodiments. 
[0050] For example, though the embodiments have 
been described upon the case where the piezoelectric 
15 element of the piezoelectric pressure sensor S Is made 
of PbTi03, there is no limit thereto. The charge amplifier 
according to the present invention can be also applied 
to a piezoelectric pressure sensor having a piezoelectric 
element containing other components such as BaT\0^, 
20 UTa03, Pb(Zr-Ti)03, PbNbgOg. LiNbOa, GaPC4, etc. 
[0051] Although the embodiments have been de- 
scribed upon the case where the feedback resistor 9 is 
connected in parallel to the feedback capacitor 7, there 
is no limit thereto. For example, a switch for connecting 
25 and disconnecting the opposite ends of the feedback ca- 
pacitor 7 may be provided instead of the feedback re- 
sistor 9. 

[0052] Although the embodiments have been de- 
scribed upon the case where a so-called plug-integrated 
30 pressure sensor (PGPS) Integrally provided on the 
spark plug 23 is used as the piezoelectric pressure sen- 
sor S. there is no limit thereto. For example, the charge 
amplifier according to the present invention can be also 
applied to a washer type combustion pressure sensor 
35 (G PS) S' fomried as a body separate from the spark plug 
as shown In Fig. 16, and the same effect can be ob- 
tained. 

[0053] Incidentally, the washer type combustion pres- 
sure sensor S' is fixed between the mount seat of the 
40 spark plug and the engine 21 by clamping of the spari< 
plug. In this state, the washertype combustion pressure 
sensor S' detects change of clamping load of the spartc 
plug to thereby detect the In-cylinder pressure of the in- 
ternal combustion engine. The washertype combustion 
45 pressure sensor S' Includes a gasket 201 or the like for 
sealing between the mount seat of the spark plug and 
an engine head. The washer type combustion pressure 
sensor S' is configured so that electric charge generated 
in the piezoelectric element Is output to the outside 
50 through a shielded wire 205. 

[0054] Although the present invention has been de- 
scribed In detail and with reference to specific embodi- 
ments, it is obvious to those skilled in the art that various 
changes and modifications may be made without de- 
55 parting from the spirit and scope of the present inven- 
tion, 

[0055] This application is based on Japanese Patent 
Application (Japanese Patent Application 
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2000-367166) filed on Dec. 01, 2000, the contents of 
which are incorporated herein by reference. 

Claims 

1. A charge amplifier for converting electric charge 
generated in a piezoelectric pressure sensor into a 
voltage signal, which comprises: 

an operational amplifier having an inverted in- 
put tenninal connected to the other end of the 
piezoelectric pressure sensor having one end 
grounded; and 

a feedback capacitor for connecting the invert- 
ed input temninal of the operational amplifier to 
an outptJt tenninal of the operational amplifier, 
wherein 

the operational amplifier is driven by a single 
power source, and 

an offset voltage is applied to a non-inverted 
Input tenninal of the operational amplifier. 

2. The charge amplifier according to claim 1 . which 
further comprises a coupling capacitor provided be- 25 
tween the inverted input terminal of the operational 
amplifier and the other end of the piezoelectric pres- 
sure sensor. 

3. The charge amplifier according to claim 2. wherein 3£? 

capacitance of the coupling capacitor is not lower 
than capacitance of the piezoelectric pressure sen- 
sor. 

4. The charge amplifier according to any one of claims 
1 to 3, wherein the grounded end of the piezoelec- 
tric pressure sensor Is electrically connected to a 
ground tenninal of the charge amplifier through a 
lead wire. 

5. The charge amplifier according to any one of claims 
1 to 4, wherein the operational amplifier uses an 
FET as an input portion. 

6. The charge aniplif ier according to any one of claims 
1 to 5, wherein the piezoelectric pressure sensor is 
provided on a mount seat of a spark plug used in 
an internal combustion engine of an automobile and 
detects change of clamping load of the spark plug 

to thereby detect in-cylinder pressure of the internal so 
combustion engine. 
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Fig. 3 
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